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INTRODUCTION 


The search for the solar source or origin of disturbances in the solar 
vind is a problem of continuing wide-spread interest dating from the firt 
measurements of the solar wind which showed high speed streams. Progress in 
understanding the specific relationships involved has accelerated since the 
launch of Skylab particularly with the identification of high speed streams as 
emanating from equatorial coronal holes (Kreiger et al.» 1973, 1974; Nolte et 
al., 1976 ) and with the association of two high speed streams with the 
equatorial extens-.on of the polar holes (Levine et at., 1977). However, the 
problem of direct identification of the solar source still remains for the 
lower speed solar wind in general and for structures in the solar wind 
variable on time scales < 4 dt^s. Not surprisingly, several different 
mechanisms give rise to these solar wind structures. 


In order to relate variable structures or fluctuations in the solar wind 
to coronal features « the use of subterrestrial point solar observations is 
dictated by the time scales involved* Using this approach, Sullivan and Nolte 
vl97d) established a probable connection between a filament eruption and a 
small solar wind speed increase. The methodology used was to select a class 
of coronal transient events and to search for consequent disturbances of the 
solar wind. 

The results found in this study on "Coronal Sources of the Instirastream 
Structure of the Solar Wind" were obtained by using an alternate approach of 
indentifying a class of structures in the solar wind, speed flue t\iat ions 
within a high speed stream, and seeking to establish a connection with changes 
in the the solar corona, again at the subterrestrial point. 


DATA SETS 


Solar wind data were obtained from the MIT observations on IMP-7/8, 
hourly averages of the bulk proton parameter were used in this study. Solar 
corona data at the subterrestrial point were obtained from the ATM X-ray 
Spectrographic Telescope with varying time resolutions from 3 hours to 12 
hours. In addition » for part of the study calculated field lines (Levine, 
1978) were used to correct the correction point from the subterrestrial point 
to an estimated meignetic connection point. 


METHODS AND PROCEDURES 


The general analysis procedure was: 

1) To identify good overlap periods between the data sets* 

2) Within each overlap period to identify changes in solar wind speed 
(■flOOKa S-1) within a high speed stream. This was normally near CMP 
(Central Meridian Passage) of a coronal hole. Each such change was called an 
event. This identification required th3 extrapolation of the solar wind 
data to a reference surface near the sun; a surface at two solar nadii was 
used. 

3) For each event the X-ray observations were mapoed to the reference 
surface; initially this mapping was simply radial, but later the potential 
field topology was used for a mapping along field lines. 

4) To search for changes in tb“ low corona a number of X-ray features 
which vary in time were examined. The list of X-ray features examined 
included transients, bright points, botindary shifts of coronal holes, area 
changes of coronal holes, etc* 

3 ) From the list of possibly correlated events (X-ray and solar wind) we 
then tried to determine which coronal features best accounted for the observed 
intrastream structure. This analysis was guided by the twin criteria of 
longitude (and latitude) matching and the time duration of each event. 


Results 


The principal result of this study are sunniarized in the conclusion of E. 
Aslakson's Bachelor's thesis (Attachment A): "Short time scale changes in the 

bulk speed were found not to coincide with X-rsy transients near the sub-earth 
point nor with the number of X-ray bright points within a coronal hole and 
near the equator. Instead, this study shows that the changes in bulk speed 
are associated with changes in light areas in a hole which nay be associated 
with the opening or closing of magnetic field lines within the coronal hole. 
That there is a casual connection between these sudden changes (appearance or 
disappearance) in light area and sudden changes in the bulk speed of the solar 
wind is further evidenced by the spatial proximity on the s\in of these 
changing light regions to the source position of streeun lines from Levine's 
( 1978 ) model that connect into the same solar wind streams." 

This study also emphasizes the importance of continued monitoring of the 
region of the sun around the subterrestrial point with good time resoultion to 
have any prospect of unraveling the conoplex solar wind phenomena near earth 
(and also the need for continuous solar wind data). Lloib observations are so 
time aliased as to have minimum value in understanding the variations in the 
solar wind on time scales of days. 

Further progress in understanding the intrastream structure with the 
current data seta is possible but a really significant advance will require 
time continuous solar wind data and monitoring of the low corona at least 
every three hours. One hopes that, new observations in the current epoch of 
high speed streams will become available. 


This stucly was chiefly performed by Eric Aslakson under the guidance of 
J. Sullivan (MIT), and D. Webb (AS4E). Extensive discussions with J. Nolte, 
A. Krieger, H. Bridge and A. Lazarus are gratefully acknowledged. 
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Chtngts of fkaturts In coronal holts obstrvtd from Amtrican Scitnct 
& Enointtrinp's (AS8E) X-ray ttltscopt picturts wtrt txamlntd to find a 
possiblt causa of short tlint scalt (<1 day) changts (^100 Icn/s) In tha 
bulk spttd of tht solar wind obstrvtd by tht MIT solar wind txptrlntnt on 
IMP-7 and 3 within a strtam. X-ray bright points. X-ray translants, and 
changts In arta and boundarlts within and around fivt ctntrtl ntrldlan 
passagts of two coronal holts ware txanlntd. In a11, fivt coronal hole 
crossings wtrt studltd. Ltvint's (1978) calculattd field lints wtrt ustd 
to givt an tstlmatt of tht longitudt and latltuda on tht sun of tha fltld 
lint connactlng with tht tarth. 

Tht bast corrtlatlon with tht solar wind was a changt In arta of light 
rtglons within tha coronal holts which occurrtd ntar tht prtdlctad magnttlc 
fltld lint comtctlon point on tht solar surfaca at tha tlmts that corrtspond 
to larga changas In tha bulk spaed observed at tha earth. 
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I. t Statwnt of Problaw 

Sinet the obstrvatlon of tht tfftet of ttit solar wind on tht ma^ntto- 
shMth froai Explonr 10 (Bonottl at a1.. 19tt)» quastlons of Its iracisa 
origin or driving oMChanlsa hava ramlnad unrasolvad, aspaclally tha prob- 
1a« of tha priiUMbly diffarant origin of tha high and low spaad wind In 
tha corona. Progrus In undarstindlng tha sourca origin of high spaad 
solar wind straans with coronal hoi as. This was la tar variflad by Nolta 
at a1 .• 1976. In that study* high spaad solar wind straans wara fioiuid to 
ananata from tha coronal holas, which ara araas of dacraasad X-ray Intansity 
In tha solar corona, with low dansity and low tanparatui'a. 

Thara art still quastlons about tha origin of tha lowar spaad solar 
wind (-300-400 km/s) and about short tlna sea la variations (- day) In tha 
solar wind parasMtars. In this study, an attanpt Is mdt to Idantify short 
tiM seal a changas In tha bulk spaad of tha solar wind obsarvad at tha aarth 
by tha NIT solar wind axparlaant on tha IMP spacaenft with spacific faaturts 
or changas In morphology within or naar tha coronal holas. During tha flight 
of Skylab, In 1973, X-ray picturas, takan with tha ATM S-054 talascopa by 
Atari can Sclanca A Enginaaring, providad for tha first tlma a datallad look 
at coronal holas and othar faaturas on tha sun. Thasa picturas wara axamlnad 
to saa If any larga-scala changas In araa. bright point numbar, or transient 
activity could ba assoclatad with tha short tlma scala variations In tha 
solar wind. 

II. Introduction 

A. Dascriotlon of Coronal Holes and Bright Points 

Coronal holes ara regions In tha solar corona which begins at 1.03 Rg 
and extends outward. They are regions of low density and temperature and 
low X-ray brightness compared to tha surrounding coronal area. (Waldmeler, 
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19S7. 1975*. Ntkfklrfc, 1967; AlUchultr ft «1.. 1972.) Thty irt m%t ntiMrous 
In yurt liMdlattly prtctding tht sunspot mlnlnuM. T1i«y trt also known .o 
fxlst In unipolar rtglons on tht sun and havt optn flatd lint topology. 

That Is. tht magnttlc lints of fbrct optn Into Inttrplanttary spact con- 
trutlng with nost non-coronal holt artas whtrt tht lints art clostd dost 

to tht sun. Optn magnttlc fitid lints ananatt frot tht photosphtrt and 

. 

txttnd to such heights that tht dynamic forces of tht outflowing solar 
wind txcitd tht restoring tensions and pressures of *tht tabetic field. 

Die open structure partly accounts fdr the relative darkness of the coronal 
holts, since particles confined to field lints that art clostd near the sun 
decalaratt whan th^ near the photosphere and emit X-ray radiation (tat 
Figw-a 1). 

As previously oentlontd, coronal holts show a strong statistical 
usoclatlon with high-speed streams tn the solar wind and with geomagnetic 
disturbances on the earth (Kriagtr at al.. 1973; Sell and Nod. 1976; 

Neuptrt and Pizzo. 1974; Hansen at al.. 1976). One of tht first clues to 
tht existence of such special regions on the sun was tht tendency for geo- 
magnetic disturbances to have a 27-day period which Is near tht rotation 
period of the sun. The cause of the storms was thought to be Intermittent 
lomj-llved streams of Ionized solar material emitted from some specific 
^wglon on the sun. This 27-day geomagnetic storm period was most prominent 
at the end of each sunspot cycle. These plasma emitting solar regions were 
name« M- regions by Bartels In 1^32, and have been of the perplexing problems 
of solar {diysics since then. 

There were also visual Investigations (by Wa1dme‘'er. 1957. 1975) who 
recognized persistent depressions In the intensity of the monochromatic 
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corona In ground-basad coronagraphs. Ho cal ltd thoso areas "holts'* (Ldchtr 
In Goman}. 

In the I960* s the knoMlodgo of the solar wind grew froa spacecraft 
aoasuromonts of Its properties. As predicted by Parker, 1958, a solar 
wind of a continuous nature was observed. 

During and after tta Skylab nlsslon (May 1973-February 1974, a period 
of declining solar activity and therefore high activity of holes) >ihen 
observations In soft X-ray, XUV, vacuua-ultravlolet, visible, near-infrared, 
and radio uavelengths were made, the connection between high bulk speed 
solar wind streams and coronal holes was firmly made (Kolte et al., 1976). 

Small (2x10" km ) areas bright In X-rays are seen within coronal holes 
and are called bright points. They have an average lifetime of eight hours 
and exist outside coronal holes as well. By comparing their locations with 
a solar nagnetogram, they are seen to be tiny bipolar magnetic structures. 
There emerge, on the average, 1500 X-ray bright points per day; and their 
areas correlate roughly with their lifetimes. By comparing bright point 
Intensities at two wavelengths, Golub et al., 1974, have estimated the 
temperatures of the brightest bright points to be 1.3 • 1.7xlO^K and their 
densities to be two to four times higher than the coronal average. 

B. Description of X-ray Transients 

X-ray transients as defined by Webb et al.. 1976, are a class of 
large-scale transient X-ray brightenings in the lower corona that are. 
typically associated with the disappearance of H« filaments. In Webb's 
study, hr defined arge-scal e brightenings" as all regions outside active 
regions having a brightness at least equivalent to the diffuse, large-scale 
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corona with a projactad araa on tht solar disk MO cm . Thtsa brlghtanlngs 
havi a llfttlma lass than 30 to 40 hours and tha assoclatad H« filament 
disappearances have lifetimes on the order of minutes to several hours vrfth 
an <average duration of four hours. After the filament disappearance, 
there appeared In the same cavity an X-r^y transient. In these brightening 
filament regions, there were apparent expansion velocities on the order of 
tens of km/sec and observed peak temperatures on the order of a few million 


4 

degrees. 


In a later work, Webb, 1978, confirmed a spatial association between 
the transients and neutral magnetic field lines. These neutral line occur 
over nagnetfc polarl^ Inversion In the photosphere.. Most of the transients 
were also related to large-scale changes In coronal hole areas. For tbis 
reason, the X-ray transients were investigated In this study as one of many 
possibilities for possible shaping of the Intra-stream structure. 


C. Description of ATM Telescope 

The S-054 X-ray telescope Is described by Valana et al., 1977; Glaconnl 

and Rossi, 1960, were the first to propose the use of paraboloid mirrors 

for X-ray photographs. The S-054 telescope's primary optics Is a nested 

pair of coaxial and confocal, grazing- Incidence mirrors of paraboloid/ 

hyperboloid design (see Figure 2). Its focal length Is 213 cm with a geo- 

2 ' 

metrical area of 42 cm . The solar image produced Is 1.9 cm In diameter 
and has a spatial resolution of 2". There Is Instrument scattering of very 
bright features by the grazing Incidence mirrors that affects the quality 
of the Images 1n regions near the very bright features In the corona. 

There were six different broad band filters available for the purpose of 
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looking at the corona In different X-ray Mavelengths and different flux 
levels (see Table 1). There were also eight possible exposure times 
available. 

Coronal hole boundaries are most apparent In the longest exposure 
time (2S6s) with the thinnest filter (passband 2-32 and 44-54 A) because 
this combination allows one to see features that are faintly emitting. 

This combination allows one to see the features that are faintly emitting 
such as soft X-rays emitted from coronal plasma at temperatures slightly 
over a million degrees. At such temperatures* the pictures on "Intemegs" 
used In this study "look” Into the region at the base of the corona (above 
1.03 Rg). 

The energy flux Incident on the focal plane Is given by: 

I • ^ d1 P(X,T^) n (A) d X 

where A Is the telescope area* f Is the focal length, r: Is the electron 
density, P(X<|T^} Is the power at wavelength \ and electron temperature 
T of an emission whose Integral Is 1* n (X) Is the product of the filter 

Q 

transmission of the 1 filter and the telescope efficiency, and 1 1s the 
path length along the line of sight. In the range of wavelengths that pass 

through the thinnest filter, P(X,T) is proportional to T^. This means that 

• 2 2 
the brightness of X-rays seen at the telescope Is proportional to n T 

• 6 8 

Integrated along the line of sight. Coronal holes appear dark mainly because 
of their low density. 

D. Solar Wind Data - Propagation Method and Levine's Solar Magnetic 
F^eld Model 

The solar wind data used In this study were principally from the MIT 
IMP-7 & 8 spacecraft. These data were supplemented by data from other 
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txptrlntritftrs Including the Interplanetary Medium Data Book by «3oseph H. 

King. 

The solar wind data were projected to the sun using a radial, constant- 

velocity approximation. This technique Is discussed by Nolte and R^ulof, 

1973, and was first used by Snyder and Neugebauer, 1966. The solar wind 

was propagated Inward to a source .height of 2 solar radii. To find the 

source longitude of the solar wind, the Earth-to-Sun distance Is simply 

divided by the bulk speed as observed at the earth and the source longitude 

at the sun 1$ then calculated. The reference height of 2 solar radii was 

chosen because of Its closeness to the corotation height, which Is the place 

with It and the plasma stops corotating. This method can, of course, only 

roughly predict the true source longitude because of uncertainties In the 

velocity of the solar wind less than 20 solar radii from the sun. 

In t*3ls study Levine's model of the magnetic fields near the sun was 

used. If one assumes that the currents producing the magnetic field near 

the sun exist below the photosphere, then the ma^etlc field near the sun 
* 

may be found by finding the solution to Laplace's equation: 

• 0 

In terms of a spherical harmonic expansion: 

tp(r,9,0) ■ R Z Z P? (0) (gU cos mo + h"J sin mo) 

n-i m-O. ^ " 

One solves for the coefficients gJJ and hJJ by applying boundary conditions 
at the photosphere and at a source surface at 1.6 solar radii. The boundary 
condition at the solar surface Is obtained from dally magnetograms from Kitt 
Peak National Observatory. These magnetograms are line of sight measurements 
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of the magnetic field at the photosphere. These magnetic field measure- 
ments for a full solar rotation are averaged onto a synoptic grid contain- 
ing 180 latitude bins with equal Intervals of sin 8 and 36^ longitude bins. 
Thq magnetic field lines are perpendicular to the source surface at 1 .6 
solar radii. This supplies another boundary condition and a model of the 
magnetic field may be calculated. 

III. Event Selection 

Because of the large number of coronal holes crossing the central 
perfdlan (see Figure 3). It was necessary to restrict the number of cross- 
ings studied. The crossings studied are 1nd1cated..1n Figure 3. The central 
meridian passages (C.N.P.) of coronal hole 1 (CHI) in the Carrington rota- 
tions T602, 1603* and 1604 were chosen because of the Intra-stream structure 
seen In the bulk speed* I.e., short time scale (-1 day) variations In the 
bulk speed within a specific stream. Some examples of this Intra-stream 
structure can be seen In Rotation 1602, Carrington longitude 30, In Rota- 
tion 1603, longitude 28*, and 5* In Rotation 1604, longitude 43*, and 23*. 
There are two types of coronal holes: those that are an extension of the 
North Polar hole, and those called equatorial holes, that are not connected 
to the polar holes. They have different characteristics especially in the 
variability of their enclosed area (Nolte et a1., 1978). In order to study 
not only a polar hole such CHI, an equatorial hole, CH2, in Rotations 1606 
and 1607 was also examined. Specifically, changes in the coronal hole 
corresponding to sudden changes in the bulk speed at longitudes 95 and 82* 
in Rotation 1606 and longitude 120, 90, and 80^ in Rotation 1606 were sought. 

Passages of coronal holes in Rotation 1609-1610 were not studied because 
of a limited number of X-ray images available during periods when there were 


no ^stronouts In Skylab and, hence, poor time resolution. There were also 
gaps In the IMP data because the spacecraft was periodically In the magneto- 
sheich or magnetosphere. Whenever those gaps occurred during the main 
crossing of the coronal hole, the crossing was not examined. Also, the 
crossings of mature coronal holes were chosen because of the difficulty 
in defining the boundaries of newly formed coronal holes. 

Six crossings were chosen and they are marked In Figure 3. The X-ray 
lilctures wero also numbered. The frames used In this study and the times 
Corresponding to each frame are given In Table 2. 

iV. Suamarv of Procedure 

A tracing paper was laid over the X-ray pictures or Internegs and the 
boundaries within ^70* (North and South, East and West) of C.M.P. of the 
coronal holes were marked. The bright points within the coronal holes that 
were >70* of C.M.P. and those outside the coronal holes within >20* of 
C.M.P. were marked on the overlays. A relative brightness scale with three 
brightnesses was used for the bright points. Also Included on the tracing 
were any very bright or dark regions within -^40* of C.M.P. These very 
bright regions were also given a relative brightness scaling of three. 

Any light areas within the coronal holes were also marked on the tracings. 

The areas of coronal holes lying within 20*x20® and 40*x40® “windows'' 
centered on the C.M.P. were then measured from the tracings and can be 
seen in Figures 4b, 6b, 8b, 10b, c, 12b. The area of light regions within 
the coronal holes .ind inside the windows was also calculated for each coronal 
hole. The number of bright points lying in these 2 windows were also counted 
and plotted. For some of the events, a movable window was used which was 
centered on the coronal hole and followed it as it traversed the solar disk. 
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« For ntarly tvtry tvtnt, or tho crossing of a particular coronal holt 
across tht sub-tarth point, tht highest time resolution available was used 
to mke the tracings. The best time resolution was the August crossing of 
CHI with an Intemeg examined every three hours. In the other events, the 
highest available resolution was an Interneg every 12 hours. A more complete 
description of the procedure may be found In the appendix. 

V*. SuBwary of Results 

Following Is a simnary of the results given 1n‘the Appendix. 

During the passage of CHI In Rotation 1604, there was a sudden change 
!h the bulk speed that mapped (using a radial, constant velocity approxima- 
tion of the solar wind to two solar radii) to the sun at 18* Carrington 
longitude (see Figure 4a). The magnetic field line from Carriogton longi- 
tude 18* at 1.6 solar radii (Levine's source surface) connects with the 
solar surface In a part of the coronal hole that undemrent a sudden change 
In light area. This changing region Is near Carrington long. 25 and lat. SS 
and was light In interneg #25224, but five hours later In Intemeg #25298 
It had darkened suddenly (see Figure 5a). The number of bright points In 
the 20*x20* and 40*x40* window made no difference In the change In bulk 
speed In this or later passage. 

The passage of CHI across the C.M.P. during Rotation 1603 had only 
one sudden change In the bulk' speed corresponding to a Carrington longitude 
of 1* (see Figure 6a). There were no transients close to this time, and 
the changes of light area In the hole and boundary movements were small 
compared to the changes observed In other passages. There was an Increase 
of light area near Levine's source position (about 2* distant) that could 
account for the change In bulk speed, although the magnitude of the area 



cha^9^ was not largt. Tho changing area can ba seen In Intarnag #21236 
(saa Figura 7a) at Carrington longituda 12.6, latituda $10. Tha uncar- 
talnty of tha connactlon batwaan this bulk spaad changa and tha changing 
light area In tha coronal hola on Intarnag #21236 Is furthar Incraasad by 
tha long tlna batwaan Intamags. 

Tha passaga of CHI during the Rotation 1602 had a sudden dacraasa In 
bulk spaed corresponding to a Carrington longitude of 24* (saa Figura 8a). 
Tha source position of this streaa according to Levina's nodal lias In an 
area within tha hole that changed fron light to dark (-12 dag^ area changa 
at Carrington longitude 17, and latitude SS). This nay ba seen on liitamag 
#20301 (saa Figura 9a). 

Thera ware three sudden changes In tha bulk spaed observed during 
tha Carrington Rotation 1607 passaga of CH2 at Carrington longitude 122*, 
90*, and 74^ (sea Figure 10a). Tha solar surface source location of tha 
74* strean existed directly beside a region In which a boundary changa 
occurred (Carrington longitude 74* and latitude N15*). The 90* stream 
tource location was in a region where light area within the hole changed 
to dark area and a shrinkage of the boundaries of the hole occurred at 
Carrington longitude 86* and latitude 12*. There was also a disappearance 
of light area In the hole at the same time as the change in the 122* stream. 

There were two structures in the solar wind that were Investigated 
during* the 1606 passage of CH2. * They were at 82.5* and 103* Carrington 
longitude (see Figure 12a). The source location of the 103* stream on the 
solar surface Is at a point between the two parts or lobes of CH2 and 
coincides with the shifting of the boundaries as seen in Internegs #40524- 
40540 (see Figure 13a). The source location for the stream at 82.5* 
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Carrington longitudt is In tht upptr left lobe of CH2 which was relatively 
stable at that tine. 

VI. Conclusion 

Short time scale changes 1n the bulk speed were fbund not to coincide 
with X-rey transients near the sub-earth point nor the nunber of X-ray 
bright points within a coronal hole and near the equator. Instead, this 
study shows that the changes In bulk speed are associated with changes in 
light areas In a hole which nay be associated with the opening or closing 
of nagnetic field lines within the coronal hole. That there is a casual 
connection between these sudden changes (appearance or disappearance) In 
light area and sudden changes In the bulk speed of the solar wind Is further 
evidenced by the spatial proximity on the sun of these changing light regions 
to the source position of stream lines from Levine's (1978) model that 
connect Into the same solar wind streams. 

VII. Appendix 

A. Procedure 

Following Is an explanation of the method used to determine the changes 
of shaded and dark areas In the coronal holes studied. Because of the need 
to compare many different pictures of the sun that were separated from each 
other by three to twelve hours and the difficulties In achieving an absolute 
measure of Intensity due to differences In developing and scattering of lignt 
In the corona. It was (tedded that the X-ray pictures should be compared 
without a densitometer. 

A Carrington heliographic longitude and latitude system, or Stonyhurst 
grid was overlaid on the X-ray picture. A tracing paper was then set over 
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thttconblnatlon of X-ray picturt and Stonyhurst grid and tht boundary of 
thd coronal hola was drawn. 

Also Includid on thtst tracings wort bright points and "actlvt rtglons** 
or vary bright artas (100* In arta). In addition, any aroa which apptared 
light or shadtd within tht coronal holt was also narktd. Ofttn thtst llghttr 
artas within tht coronal holt Includtd bright points and ofttn thay rtachtd 
to tht boundarlts of tht coronal holt. 

Oeculonally, It was a aattar of soo» dtbatt whtrt tht txaet boundary 

of tht coronal holt should bt drawn and whtthtr ont should dtfint light 

arta ntxt to tht boundary as bting In or out of tht coronal holt. This 

* 

probltai was worst with tht crossings of CH2 txanrintd. Its boundarlts wtrt 
Itss wtll dtfintd than In tht CHI crossings. 

In ordtr to Itsstn tht tfftct of tht possibility of difftrtnct In tht 
Judgtd Inttnsitits. each evtnt or passagt of a coronal holt conpitttd at 
tht saint sitting. An effort was also made to compart tht boundarlts and 
Intansitles of lattr picturts with earlldr onts during tht same day In 
order to achieve some degree of consistency. If It was not possible to 
do a complete crossing of a coronal hole In ont sitting, the previously 
drawn boundaries for this hole were reexamined at the next time sitting. 

The boundary for one of the events was also checked by having another 
person determine them Independently. The agreement was good with the 
earlier boundaries. 

The bright points In the area within and around the coronal hole 
were classified In a three-level system: X as most bright, V as less bright, 
and - as barely visible. If a bright point occurred at tht edge of a 
coronal hole, It was not counted as being In the coronal hole. During the 
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Augyst 9 crossing of CHU Mch Individual bright point was followtd from 
picturt to picturt; but othtnvisa, tht points wtrt simply countad within 
lofigitudt and latituds rogions. Tht bright points in CHI wtrt found to 
last on tht ordtr of 9 hours in dost agrttmtnt with Golub tt a1., 1974. 

Tht aetivt rogions wtrt also clusifltd in a thrtt«1tvt1 systtm: 3 
as bright, 2 as lass bright, and 1 u bartly visibit. If X-ray transiants, 
as dtfintd by Wtbb, 1976, axisttd ntar tht timt or sourct longituda of tht 
solar wind strtasa studitd, thty wtrt also eonsidtrtd u candidatts for 
contributing to tht intra-straam structura. Long r^ons of light and 
dark ntar tht coronal holt somatimts corrtsponding to X-ray transiants 

m 

Wtrt also marktd on tht tracing paptr. 




Within tht coronal holts thara of tan apptared rtgions that wtrt not 
as bright as tht arta outsida tht boundary of tht coronal holt but wort 
dtfinattly lighttr than surrounding rtgions within tht coronal holt. In 
this study, thtso li^t rtgions within tht holt will bt rtftrrtd to as 
light arta. Tht othtr dark rtgions will bt cal ltd dark arta. Tht boundaries 
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of thiit rtglons wort mirktd on tho tracing paptr and It. and dk. wort 
written to distinguish tho difforont areas within tho hole. An oxaa^lo 
Is given above. 

Once tho naps wore drawn* they wore overlaid with another Stonyhurst 
grid with 2-degree separations between- longitude and latitude lines. The 
areu of the diHt and ll^t regions In the coronal holes were tabulated In 
unit of Stuart degreu of solar surface area. The area was calculated to 
within one square degree. The area which was exaarined was detemlned In 
two ways: the first was with a square "window” cintered on the sub-earth 
point and extending ^10* froa that point* I.e.* the window was fixed and 
the coronal hole was observed as It pused underneath. The second method 
followed tha coronal holes across the solar disk by taking all of the area 
within a >10* band of latitude. 

The rsflber of bright points within a 20*x20* square window and also 
within a 40*x40* square window both defined by the first method. Bright 
points with brightness of - were not counted. Any X-ray transients from 
the list given In Table 3 were marked on the area vs. time graphs (see 
Figures 4* 6* 8* 10* I2b*c). 

After all of the light and dark areas within the coronal holes using 
both methods and the number of bright points were calculated* times when 
there were large changes In the areas, or eruptions of X-ray transients, 
or sudden Increase of bright points were more closely examined. In the 
case of the area calculations, the specific changes In the hole responsible 
for changes In the area were examined. These locations of changing area 
were also compared with Levine's 1978 predictions of solar surface longitude 
and latitude of solar wind reaching his source surface to see If they 
coincided. Thic #an 


irt|s actually InflutncaC the solar wind. Tht locations of X-ray transients 
wort also noted and aken Into account. 

8. Results 

* In this section the crossings of the Individual coronal holes across 
the central eerldlan pusage (C.N.P.) that were examined In this study will 
be discussed. 

The crossing In Carrington Rotation 1804 of coronal hole 1 (CHI) will 

not be considered. As one can see In Figure 4a, there are two structures 

In the delayed sola/ wind bulk speed versus solar source longitude that 

bear Investigation. One can see sharp decreases In the bulk speed at 18* 

* 

and a saaller Increase at 2* long. One nust bear 1n*n1nd that these longi- 
tudes are only approxlnate due to Inherent difficulties In the delay nethod. 
One such difficulty Is strea»-strean Interactions belween the sun and earth 
that accelerates the solar wind, especially the wind at the beginning of a 
high speed streae. There Is also a sharp Increue at 44* long., but thts 
probably not usoclated with CHI since It Is well past Its boundaries and 
even exists very near or on the other side of a sector change In the >!!sgnet1c 
field. 

CHI on Intemeg 125224, August 20, 2003 GMT appeared as In Figure 5a. 

CHI was the longest lived coronal hole during the Skylab mission aside from 
the polar hofes. It lasted frosi Carrington Rotation 1601 to 1607. It 
existed In a positive magnetic cell reaching from the north pole and as 
such, was an extension of the north polar hole. 

Ouring this rotation, the boundaries of the coronal hole at the ecliptic 
equator stretched from 16* to 32* Carrington longitude. The bright point 
In Figure 5a later developed Into a very brl^t region within the coronal hole 
one quarter solar rotation later than this Interneg. 
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, Thtrt Wirt «1so two X-riy transitnts In tht vicinity of this holt. 

Froa tht tibit froii Wtbb ft a1. (1976) of X-ray transitnts (stt Tabit 3) 
within ^15* of C.M.F.* wt stt transitnts on August 18 and August 24. Only 
tht transitnts ntar tht pusagts cons1c*trtd In this study will bt givtn. 

Tht first of thtit transitnts was too far south to bt considtrtd a 
possibit sourca of tht stnictura In tht bulk spttd, but tht stcond Is rathtr 
ntar tht coronal holt. Evan though It Is ntar tht coronal holt. It Is 
also wst llktiy not rtsponsibit fdr tht changt In tht bulk spttd sinct It 
Is first visibit August 24 which Is 2-3 days afttr tht projtcttd changt In 
bulk spttd and sinct tht IlfttlMts of X-ray transitnts art on tht orter of 
hours (Utbb at a1., 1976). 

A plot of tht arts within a 20*x20* window ctnttrtd at tht sub-earth 
point and tht mtd)tr of bright points with brightntss 2 or 3 within a 20x20 
and 40*x40* bln Is to bt fbund In Figure 4b. Thtrt is a large inertast In 
dark arts at Inttmtg I2S298. This changt occurred whan the Carrington 
lof^ltudo of the sub >tarth point was vary ntar 18* which suggests a connec- 
tion with tht changt In bulk spttd at this longitude. Looking at the graph 
(stt Figure 4c) of the total area of tht coronal holt in a band of longitude 
within flO* latitude versus longitude of tht C.M.P. for that Interneg. one 
sets this sasit Increase of dark area at Intemeg #25298. There are also 
Increases of dark area on Inttmtg #25496 and #24870 and slow decreases In 
tht light area In #24990-25107 itA #25388-25420. Soot of these changes are 
caused by a mixture of boundary changes and Inner shaded region changes and 
SOM are caused by either a change in boundary or a change In inner shaded 
area. These changes art summarized in the following table. 
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tottrwtq , 01 Boundary Change Changes of Area In CH 

Area (deq^) Location (deg) Area (deg^) Location (deo) 




let. 

loni. 


lat. 

long. 

24990-25107 

• 

— 

— 

— 

•^56 

-10 to 10 

0 to -10 

24825-24870 

10* 

8 to 12 

0 

-15 

8 

-18 


6 

3 

-5 

-8 

-6 

-8 





-4 

-6 

-16 

32224-25298 

48 

-6 to 6 

16 

-48 

-3 

6 

2S3S3-25420 

-20 

-1 

27 

-13 

5 

12 

25:23-25496 

8 

2 

25 

-64 

-4 

17 

3496-25583 

— 



28 

-4 

25 


*The new area is dark. 

« 

The coordinates of the changing area in this table will be given rela- 
tive to the point defined by the intersection of the sub-earth longitude and 
the solar equator. A negative latitude means south of the equator, and a 
negative longitude means left (east) of the sub-earth longitude. A positive 
change of area will be taken to mean the appearance in the coronal hole of 
a light region. These conventions will be' followed in this appendix unless 
othenifise stated by indicating, for example, 22 ’’N Carrington longitude in 
which case the longitude refers to the Carringion system. 

When an area change Is given between two intemegs, i.e., #25496- 
25583, the position of the changing. area is given in terms of the coordinates 
of the later interneg. 

The farther that one gets from the center of the coronal hole passage 
in interneg #25224, the less effect any changes should have on the solar wind 
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sincf they art so far soparatad fron tha coronal hola and fron tha source 
of tha solar wind (assuarfng a flow where tha magnetic field lines bend 
little near the solar surface). Also, the error In the area measurements 
grows because of projection effects near the limb and Instrument resolution 
(see Description of ATM Telescope). In other words, the areas In Figure 4c 
should most accurately reflect or signal changes In the solar wind for area 
measurements near the center of the graph. The reason that the changes In 

4 

area in Intemegs #25496 and #24870 t Figure 4c are not visible In Figure 4b 
Is that they occurred outside ttm 20*x20* set window used to make Figure 4b. 
It Is Interesting to note that the sub-earth point longitude for #25496 and 
#24870 Is 11* and 32* respectively. There Is, unfortunately, a data gap In 
the solar wind data at 11*. As stated before, the boundary of the hole -Is 
at (16*-32* longitude) and the change In the hole responsible for this small 
Increase In the dark area Is the disappearance of light area mostly at the 
left-hand side (east side) of the hole. This Is the furthest side of CHI 
from the sub-earth point and one could therefore expect that the connecting 
stream line Is therefore not affrtcted. This stream line assumption also fits 
with the calculated stream lines by Levine (1978) who shows the connecting 
longitude of the stream line Intersecting his source surface at 30* (and 
therefore seen at the earth as If the stream originated near 30* connect- 
ing with the sun's surface at 27*. This Is on the right-hand side of CHI 
and therefore might not be affected by a change on the outer side of the 
coronal hole. Levine's model predicts connection points of field lines at 
the solar surface very near the equator so the window at ^10* latitude Is 
probably well placed. 
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« In suRmary there are two times when the dark area In the hole Is seen 
to Increase drastically. They are at #25224-25298, where a large Increase 
of dark area (48 deg^) at long. 6, lat. -3 occurred, and at #25420-25496 
whene a large Increase of dark area (**^4' deg ) at long. <^17, lat. -4 occurred. 
The change In area In #25420-25496 occurred at a time that falls In a data 
gap in the solar wind data. There Is a decrease of light area In Interneg 
#25831 that could correspond to the sudden change at 2* Carrington longitude. 
Since the boundai^ of the hole Is at 13* Carrington longitude, this change 
occurs when the stream line connecting the solar surface at this point and 
the earth Is very non-rad lal. This can be seen In the Levine's model. Below 
Is given one particular field line that connects to the earth at a time 
corresponding to a longitude of 4*. It Is given at six Intermediate points 
between the source surface and the solar surface. 9 Is the angle from the 
north pole, Is the Carrington longitude, and R Is the distance from the 
sun expressed In solar radii. 


R 

9 

i 

1.6 

94.00 

4.00 

1.36 

96.21 

8.76 

1.31 

97.02 

10.05 

1.26 

97.77 

11.06 

1.21 

98.41 

12.04 

1.00 

103.27 

15.32 


The change In area In #25224-25298 occurs near the connection point in 
Levine's model. 
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• R 

0 

i 

R 

0 

1 

1.6 

84.00 

16.00 

1.6 

94.00 

20.00 

1.38 

84.18 

16.98 

1.38 

94.65 

20.45 

1.32 

84.23 

17.26 

1.32 

94.87 

20.78 

1.26 

84.35 

17.73 

1.26 

95.01 

21.32 

1.21 

84.46 

17.99 

1.21 

95.04 

21.95 

1.00 

83.67 

17.23 

1.00 

97.93 

22.88 

sub-earth longitude 

for Intemeg 

#25224 Is 

• 

o 

CM 

thus the 


points of tht stroM shOMlng the sudden change In bu>k speed lie In the 
changing area. It should also be pointed out, that the change In area 

I 

observed after #25224 at 18* Carrington longitude that Is perhaps responsible 
for the change of ISO kn/sec In the bulk speed Is roughly conparable to the 
velocity of streae versus coronal hole area figure observed by Kolte et a1 . 
(1976). In this study the total area of coronal holes and solar wind velocity 
for all of the coronal holes observed ^rlng Skylab were Included. Nolte et 
al. found an empirical relationship between the area and velocity, 

V • (80+2)A + 42M 
10 2 

where A Is the area In 10 km‘‘ and V is the km/sec. From this, one can get 

where a Is in square degrees. This means that the area change In #25224- 
25298 Implies a change 1n velocity of 56 km/ sec. 

The 1603 crossing of CHI Is shown In Figure 6a. There Is a small 
Increase (50 km/sec) at 1* Carrington longitude. CHI In 1602 appeared as 
In Figure 7a on 24 July, 14:12 In Intemeg #21204. There was a persl-itent 
bright area In the hole where the 3 brightness Is shown. There was also a 
light shaded area usually containing bright points at -10 (relative long. 
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%n4 ]at.) that wai; .iinost a constant feature of the hole. There was also 
a large shaded region (area 42 deg^) at northern latitudes (+15) that, 
after a boundary dmnge, caused a shrinkage of the width of the hole In the 
north. At the eel Iptlc equator, however, the width of the hole remained a 
ffestant 12 degree*. (^i degree). Except for the light area In the north, 
this was probably Uie most stable hole observed as far as boundary motions 
are concerned. Levine's modal shows the field lines in the ecliptic plane 
ggiNiectlng at equal latitudes on the sun or perhaps bending a little Into 

a 

Du southern hem1s|iHcre for this passage. 


R 

a 

i 

R 

8 

1 

1.6 

86.00 

24.00 

1.60 

86.00 

16.00 

1.39 

86.;'5 

22.40 

1.38 

86.13 

16.07 

1.32 

86. to 

21.87 

1.32 

86.16 

16.19 

1.27 

86.71 

21.49 

1.26 

86.30 

16.44 

1.21 

86.. SJ! 

21.06 

1.21 

86.58 

16.74 

1.00 

86.17 

20.83 

1.00 

86.67 

17.19 


There were three X-ray transient events that occurred near this crossing. 
They are shown In r.ible 3 and occurred on July 20/21, 21/22, and July 27. 
The X-ray transietii*. on July 27 and July 20/21 were 30-40 degrees away from 
the closest edge ur the coronal hole and the transient on July 21/22 could 
have been a candiJ.ii»; por affecting the solar wind except that it was too 
far north. 

The areas in i igure 6b and c are seen to be very smooth with no large 
changes. As mentinm^ before, there is an increase in light area in the 
hole at northern Kiiipudes (#21156-21188) and following this a decrease in 
total area at »21.'ir, ,iiong with a boundary change (area -24 deg”) in the 
left-hand boundary in ifZ]Z26. The change is along the left-hand boundary 
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frai«1«t1tudi -12 to lat. *A, This occurs at a Carrington sourca longitudt 
7*. At Intomtg #21236-21244, tharo was a dacraasa In tha araa of tha light 
raglon Insida tha hola. Lavina's flald Unas art givan balow fbr this parlod. 


R 

e 

i 

R 

1 

1 

1.6 

86.00 

0.00 

1.6 

86.00 

8.00 

1.35 

87.11 

6.43 

1.38 

86.27 

9.12 

1.26 

87.71 

7.65 

1.32 

86.40 

9.94 

1.21 

88.25 

8.16 

1.27 

85.53 

10.73 

1.00 

92.95 

9.22 

1.22 

86.65 

11.51 




i.n 

86.69 

16.47 


Tha sub-aarth longituda of #21236 was 7.63 and 121244 was .77* as can 
ba saan In Tabla 2. Tha comactlon point on tha solar surfaca for #21236 
Is at long. 8.5, lat. 0, ralativa coordinatas on Intamag #21236. Tha comac- 
tlon point fbr #21244 lias at tha laft-hand boundary to tha south. It 
Is possible that tha decrease In bulk speed at 1* Carrington longitude Is 
due to this expansion of the light region that lay to tha south of tha 
equator at long. 5, lat. -10 on intamag 21236, although one would have 
expected the change to appear In tha bulk spaed a couple degrees earlier. 

A conpllcating factor during this passage has tha poor tine resolution 
of the X-ray Internegs. There was, however, no large sudden change In the 
bulk speed and also no large change In light area within the hole near Levine's 
source positions. 

The next crossing to be considered was the 1602 crossing of CHI. As 
can be seen In Figure 8a, there Is a large Increase and decrease In the bulk 
spaed at 24*. Coronal hole 1 appeared In Intemeg #20301 as shown In Figure 
9a. At this time, CHI had boundaries on the equator of 1.9* and 27.9*. 

There was an X-ray transient at long. 13, lat. -13 of X-ray Importance 2 
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Mebbf 1976}. It can b« satn on Intameg #20301 as tha bright area (labeled 
3X). It seoRS possible that the transient at long. 13, lat. -13 could have 
an Inpact on the solar wind; however, when It exploded, 1t would not contribute 
natter to a strean line that would Intercept the earth. As the coronal hole 
when by the sub-earth point, this transient was steadily decreasing In bright- 
ness. A plot of the area within a«20* x 20** window centered at the sub-earth 
and the nunber of b.p.'s within this 20* x 20* and a 40* x 40* bln are given 
and nay be found In Figure 8b. A graph of the area within ^10* lat. may be 
found In Figure 8c. A list of the changes In CHI responsible fbr these area 

m 

changes In Figure 8c and b will be given In the following table. 

The biggest Increase of light area Is In #20301 . This cones about 
partly fron a ‘•‘18 deg** boundary increase at the right edge of the hole and 
fluctuations about the boundary of the light area within the hole. Later, 
part of this area disappears In #20309. 

Levine's field line Intersecting the source surface at 24* Carrington 
longitude Is given below. 


R 

e 

i 

1.60 

89.00 

24.00 

1.39 

89.57 

22.32 

1.33 

89.84 

21.48 

1.27 

90.23 

20.71 

•1.22 

90.65 

19.97 

1.00 

94.12 

16.97 


It can be seen in Figure 9a that this Intersects Interneg #20301 at relative 
long. -1, lat. -3. It Is marked on 20301 and 20277 with an X. This particular 
location changes from light to dark In #30377-20301 with an area change -12 deg^. 
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Thtrt art stvtral possibit explanations for the decrease In bulk speed. 

It Is possible that the magnetic field line that shows the change In bulk 
speed came from a dark region In the hole that later (In 20277) changed to 
a light region. This region later turned dark. What Is clear, however, 

Is that there Is a change of a light region In the vicinity of Levine's 
source position for the time when there Is a sudden change In the bulk speed. 


Intemeo 

1 

• < 

CH Boundary Chanoe 


Changes In Area 
In Coronal Hole 



Area 

Location 

Area 

Location 




lat long 


lat 

l2Si 

20245-20269 

+16 

at left boundary 

+112 

-10 to 20 

.4 

20269-20277 

+20* 

o 

CM 

1 

00 

1 


■ 




-12 to -26 

-34 

near right boundary 

20277-20301 

+16 

at left boundary 

-12 

8 

0 



8 -8 

+8 

14 

0 


+18 

at right boundary 

+8 

-8 

-2 




+13 

8 

4 




+12 

9 

-4 

20301-20309 

-32 

at right boundary 

-8 

4 

4 




-8 

-6 

2 

20309-20341 

-35 

at left boundary 

+4 

0 to 8 

12 


* 

The new area Is dark. 


The next event considered will be the 1607 crossing of CH2, There 
were several relatively short time scale changes 1n the solar wind. There 
were three sudden decreases In the bulk speed at 122^, 90”, and 74” (see 
Figure 10a). CH2 appeared as in Figure 11a, in 41434 during Rotation 1607. 
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It MIS an equatorial holt and txistod In a ntgativt polarity magnetic sector. 

Ite boundaries were generally defined less clearly than In CHI and It was 
^nerally harder to be consistent In the datemrinatlon of the light area 
within the hole. 

Thart were no X-ray transients nearer to CH2 than 48* N-S or E-W dur- 
ing this rotation. The area In a 40* x 40* window Is given In Figure 10c. 

For this crossing, the area In a 10* band around the ecliptic equator was 
net calculated. 'The area In a +10* band of latitudes. was not helpful because 
Hie coronal hole was so long In longitude with separation between Its Individual 
parts. If the stream lines connect at a certain point within the hole, then 
Uking the whole area over a large range In longitude .would be as unhelpful 
as taking the area over a large range in latitude, since the area plots ere 
only used to see large changes In the light or dark areas and then these 
Intemegs In which areas changed are examined to see what specific changes 
eeqjrred. The 40* x 40* window was used because of the position of this . 
hole In the northern hemisphere. 

There were two times when there was a sudden Increase In dark area 
due to the disappearance of light area and one time when a sudden boundary 
change occurred decreasing the dark area. These can be seen on internegs 
41402, 41490, and 41506, respectively. Other changes in CHI will be sunnarlzpd 
In the following table. 

The change of area In #41378-41402 was mainly a disappearance of light 
area that existed In the hole. The change of area In #41466-41490 was also 
a disappearance of small regions of light area within the hole. Levine's 
field lines of these two sets of Internegs a * given below. The connection 
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Inttmtq CH Boundary Changts Chanqts In Arta In CH 


Arti 

Location (dto) 

Area (dto^) 

Location (dto) 


lat 

long 


lat 

loni 

41378-41402 



-10 

18 

-14 




-13 

18 

0 

41466-41490 



-8 

11 

3 



• 

-16 

12 to 22 

-4 




-4 

11 

-2 


41506-41522 ^28* 4 to 10 6 to 12 


Nm arM Is dark. 

points on tho solar surfact of tha stroaoi lints with suddtn changts In bulk 
spted art mirktd In tht corrtspondlng Intamtgs (41466 and 41522} with stars. 
Thtst points art ntar or at tht locations that thtrt art changts In light 
arta in 41466 and changts In boundary In 41522. 


R 

0 

i 

R 

0 

i 

1.60 

85.00 

88.00 

1.60* 

85.00 

72.00 

1.38 

84.11 

88.61 

1.36 

80.89 

74.87 

1.32 

83.58 

88.67 

1.30 

80.09 

75.31 

1.26 

82.95 

88.63 

1.25 

79.24 

75.65 

1.21 

82.24 

88.38 

1.00 

75.18 

74.80 

1.00 

77.83 

85.82 





To sumnarlze, the solar surface source locations of the streams at 
90® and 94® Carrington longitude'be In regions In which there are boundary 
changts or changes of light to dark area. There are also changes In area 
of light regions in CH2 that could correspond to the stream at 122® Carrington 
longitude. 

The crossing of CH2 In Rotation 1606 Is shown In Figure 12a. There 
was a sharp decrease of the bulk speed at 82.5® and 10i®_l5na._ CH2_ 
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as Is Figure 13d In Intsmtg #40596. There was an X-ray transient on 
October 8/9, 01:23. It Is the lightish (1) region to the south of the lower 
part of the coronal hole on 140596. It Is far to the south and did not 
explode until It was around 11* to the right of the central meridian, and 
It Is possible that It affected the solar wind. It Is marked with an X 
on Figure 12b. 

The area In a 20* x 20* window Is shown In Figure 12b. The specific 
changes In the hole within a 20* x 20* window responsible for the changes 
In the graph are listed In the table below. The band of longitudes within 
^10 latitude method of calculating areas was not used here because of the 
length of the hole In longitude. 

Just as during the 1607 crossing of CH2, the boundaries of this hole 
were very changeable. This W..S partly due to the time resolution of the 
X-ray pictures but also because of the changeable characteristic of the 
equatorial holes during the Skylab period. It was not not as easy during 
the passages of CH2 to map the boundaries 'as It was fbr the passages of CHI. 
There were times during this passage, when the coronal hole separated Itself 
Into two parts. 

According to Levine's predictions, the connection point for the field 
line at 100* Is near the place where there Is a bowdary change In #40524, 
and later the connection point moves up to higher latitudes Into the region 


R 

e 

* 

i 

R 

e 

1 

1.60 

94.00 

100.00 

1.60 

94.00 

108.00 

1.39 

92.67 

100.84 

1.38 

93.25 

108.20 

1.33 

91.67 

100.93 

1.32 

92.73 

108.46 

1.28 

90.49 

100.98 

1.26 

92.04 

108.59 

1.23 

89.52 

101.41 

1.21 

91.41 

108.90 

1.00 

86.17 

104.61 

1.00 

39.97 

110.14 
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In tte ctntir of th« largo upptr loft lobt which was rtlativtiy stabit. 

Thus* whan thtrt Is a big araa changa at #40596, It Is possibla that It 
doas not affact tha solar wind dua to tha fact that tha changing araa 
rasponsibla for tha changa In ana Is 1 oca tad In tha lowar connactlon raglon 
batwaan tha two parts of CH2. 


a 

i 

R 

74.00 

84.00 

1.60 

89.88 

85.68 

1.35. 

88.69 

86.06 

1.29 

87.48 

86.09 

1.24 

\ 

86.17 

86.18 

1.20 

80.29 

83.40 

1.00 


Intarnao 

CM Boundary Chances Chanoes of Araa in CH 


Ana (dac^) 

Location (dec) Ana (dac^) 

Location (dec) 



lat 

long 

lat lone 

40476-40508 

none 


none 


40508-40524 

-49 

-3 

0 



♦28 

-10 

0 


40524-40540 

-32 

0 to -4 

-8 to 2 




-6 to -10 

2 to 9 



•• 

(upper boundary 
of lowar part 
of hole) 

a 


In Intarnag #40556-40596 thora Is a separation of tha Z parts of CH2 
at lat. 0, long. 5. Tha upper part of CH2 is during tha time of these two 
intarnags relatively stable. 
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« C. Carrington Lotwltudi and Utltudt 

Tho Carrington longltudo and latlttido of tha sub-tarth point on tht 
son was noadid to connact tba dalayad solar wind data with tha X-ray pic- 
turas of tha sun which had coordinatas In Carrington longituda. A subrouting 
wu wfittan to giva this sub-aarth point In Carrington longituda and latituda. 
In Carrington's h< lographic systaa, an arbitrary starting point was chosan 
for tha zaro narldlan. Carrington's zaro nwrldlan passad tha ascanding noda 
of tha solar aguator January 1 , 1854 at zaro hours, Sraanwlch tiM. This 
hal lographic systaa rotates with a dafinad sidaaraal period of 25.38 laaan 
solar days. Tha synodic period which Is tha tlae between suecassli^ zeros 
of tha Carrington longituda at tha sub-aarth point Is 27.2753 days. 

Rafarring to Figure 14, one knows froa Kapler's second law. 

Area SPA _ t - T 
Area of ellipse T 

Area SPA ■ 1/2 n a b (t • T), 

where n - ^ and T Is tha period of rotation and t Is tha starting tlaa, 
a and b are tha saalHMjor and SOTl-arinor axes raspactlvaly. 

Ua next define a circle tangent to tha ellipse at tha perihelion A 
and aphelion B with radius A and extend A perpendicular to tha major axis 
AB through P to a point on tha Circle Q. 

Tha angle QCA is tha angle E and Is called tha eccentric anomaly. 

Tha PSA Is tha angle U and Is called tha true anomaly, y Is tha direction 
of tha vernal egulnox and points In a direction In an Inertial frame that 
Is almost constant. 

According to a property of ellipses, 

PR b 

expressing PR and QR In terms of V and E, one gets 
r sin V - b sInE, SR ■ CR-CS ■ a coiE-aa 
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Mlitrf • Is thf tceintHelty or 

r cos V ■ i (eos£-€) 

2 2 2 

squirlny x snd y and adding* noting that • a (!•« )* wt obtain 


1 ♦ t 


tan J . (f^) 


1/2 


tan 


Canful axanlnatlon of tht aras In Figun 14 Mtabllsh a rtlatlon 
boMtn ths accintrle anoMly and tht naan anomly dtfintd as* 

N ■ n(t - t) iditrt ” * 

* * 

this niatlon Is knomi as Ktgitr's aquation and Is*. 

E - a sInE ■ H 

whara E and N an In ndlans. Sinca a « 1, this aquation Is solvabla by 
a ncursiva nathod. 


Rafarring to Figun 15* ona saas that i1 and N* an tha ascanding and 
dascanding nodos raspactivaly. and If y 1< tha diractlon of tha vamal aquinox 
and If A Is tha paHhallon, than angla ASP ^s tha tnia anomly v. Tha arc NA. 
aauund fro« tha ascanding noda to tha parigaa Is cal lad w. Tha arc yN Is 
tha longituda of tha ascanding noda and Is danotad by a. Tha sum of tha 
two arcs NA and rH Is tha longituda of ptrlhtlion and Is denoted by Z. 

Finally* tha trua longituda + 

Tha valuas of tha man longituda of parigaa* tha man anomaly, and the 
accantricity a ra g1 van In tha Explanatory Supplement to the Astronomical 
Ephemerls and Amrican Ephemris and Nautical Almanac, pg. 98, and the 
longitude of tha ascending node of the solar equator on the ecliptic (G) 
and the hellograpnic longitude of the node of the equator (M) are given on 
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PQS. *307-308. Exanriiring the Figure 16 where E Is the sub-earth point and 
Lo and Bo are the heliographic longitude and latitude of the sub-earth 
point on the sun. one can font a spherical triangle. In this triangle, 

tan (U - M) > tan (X - Q) cost, sin 6 > sin (X - Q) sinl 

where I Is the Inclination of the equator with respect to ecliptic, and X 
Is the geocentric longitude of the sun. 

If X denotes the geocentric longitude of the sun, then yE ■ X 180^. 
Fro* these relationships, one can find the longitude and latitude of the 
sub-earth point on the sun as a function of tine. Table 4 contains the 
Fortran subroutine written to calculate these paraneters. 
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IX, Figures and Tables 

• Figure Captions 

Figure 1 * Structure of the Corona above Coronal Holes 

Figure 2 * Olagran of ATM X«ray Telescope 

Figure 3 ** Vel (kai/sec) versus Canrfngcon longitude during Indicated 

Carrington rotation nuaber. 

F1gurei4a, 6a, 8a. 10a, 12a - Vel .(km/sec) vf^rsus Carrington longitude during 
Indicated Carrington rotation number. 

Figures 4b, 6b, 8b, 10b, 12b • Area (deg ; versus tine (days). The areas 
are the dark, light am tsital (* dark * light) areas within 
the hole and within a 20* x 20* window centered at the sub- 
earth point. Alio marked are the Interneg nunbers used for 
each* data point. 

Figures 4c, 6c, 8c -Area (deg ) versus time (days). The areas are the dark, 

+ 10 * 

Tight, and total areas within the hole and within a - bond 
of latitudes. The Interneg numbers used are also marked. 

Figures 5a, 5b - Internegs of the 1604 crossing of CHT 

Figure 7a - Internegs of the 1603 crossing of CHI 

Figures 9a, 9b-Internegs of the 1602 crossing of CHI 

2 

Figure 10c - Area (deg ) versus time (days). The areas are the dark, light 
and total areas within the hole and within a 10® x 10® window 
centered at the sub-earth point. Also marked are the interneg 
numbers used for each data point. 

Figures 11a, 11b - Internegs of the 1607 crossing of CH2. 

Figures 13a, 13b - Internegs of the 1606 crossing of CH2. 
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Table 1 - ATM Telescope Filters 

Table 2 - A List of Intemegs Used in this Study 

Table 3 - X-rpy Transients urithin ^5* of C.M.P. 

Table 4 - A FORTRAN Program to Calculate Carrington Longitude 
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Tabic 1 

ATM Telescope Filters 


Filter Wheel 
Position No. 

Material 

Nominal 
Thickness i 

Measured 
Mass Thickness 

Pass Bands 



(cm) 

itBq/a?) 

A 

1 

Berylllitt 

1.3x10*^ 

2.67 

• 

2-17 

2 

TeflonCCFg) 

3.2x 10^ 

0.62 

2-14; 19-22 

3 

None 



2-32: 44-54 

4 

Parylene -N**(CgHg) 

5,7x10*^ 

0.65* 

2-18; 44-47 

5 

Beryl lliAi 

5.1x10’^ 

9.54 

2-11 

6 

Berylllun 

2.5x10"^ 

4.72 

2-14 
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Tabit 2: A List of Intarneos 

Used In This Study 

IntamtQ 

Tlwt (all in 19731 

Sub-earth Lonoltude (dee) 

* 2024$ 

176;21;17 

40.2 

20269 

177:13:00 

31.6 

20277 

177:20:33 

27.4 

20301 

. 178:13:56 

17.9 

20309 

178:21:25 

13.8 

20341 

179:13:13 

5.1 

20349 

179:21 :26 

0.6 

20373 

180:14:07 

351.4 

20381 

180:20:46 

347.7 

*21156 

203:23:31 

41.7 

21188 

204:21:21 

29.7 

21204 

205:14:12 

20.4 

21236 

206:13:20 

7.63 

21244 

207:02:02 

0.8 

21268 

207:14:07 

354.0 

24347 

230:12:10 

50.9 

24S08 

231 :02:24 

43.1 

24556 

231:09:49 

39.0 

24663 

231:14:36 

36.4 

24723 

231:17:43 

34.6 

24825 

231:20:48 

32.9 

24870 

231:23:07 

31.7 

24990 

232:05:09 

28.3 

25107 

232:14:40 

23.1 

25224 

232:20:03 

20.1 

25298 

232:23:15 

18.4 

25388 

233:04:23 

15.5 

25420 

233:09:09 

12.9 

25496 

233:13:09 

10.7 

25583 

233:16:22 

8.9 

25660 

• 233:21:14 

6.3 

25831 

234:12:53 

357.6 



_ • 
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Tabit 2 (continued) 


IntannQ Tint (all in 1973) Sub»aarth Longltuda (dag) 


40476 

279:02:00 

129.5 

40492 

279:14:16 

122.7 

40508 

280:01:14 

116.7 

40524 

280:13:32 

110.0 

40540 

281:00:32 

103.9 

40556 

281:14:16 

96.4 

40572 

282:01:25 

* 90.2 

40596 

282:13:42 

83.5 

40612 

283:02:35 

76.3 

40628 

283:13:06 

. 70.5 

40644 

284:00:01 

64.6 

40660 

284:14:09 

56.8 

40692 

285:13:11 

44.1 

41332 

305:15:02 

139.3 

41340 

306:03:25 

132.6 

41362 

306:14:12 

126.7 

41378 

307:02:55 

119.7 

41402 

307:15:06 

112.9 

41418 

308:03:50 

106.0 

41434 

308:14:24 

100.0 

41450 

309:02:50 

93.3 

41466 

309:13:37 

87.3 

41490 

310:02:1? 

80.5 

41506 

310:14:58 

73.5 

41522 

311:01:27 

67.6 

41538 

311:14:20 

60.5 

*Ffnast 

time resolution available was used. 
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Tablt 3: X»R«y Trans Itnts Within »15* of g.M.P. 


First 


Data 

LOPE 

Vis 

Lat 

25/26 Juna 

2116 

1259 

SI 3 

20/21 July 

1343 

0059 

S30 

21/22 July 

1314 

0015 

N35 

27 July 

0257 

1507 

S25-40 

18 August 

2131 

2255 

S40-50 

• 

24 August 

0024 

2347 

S05 

8/9 Octobar 

1415 

0123 

S20 


X-Ray AR Est Prob. 
Long Imp. non-AR Onsat Tima 


*M13 

2 

AR 

1245- 

1259 

CM 

3 

N 

20J343- 

1900 

E16 

1 

N 

21,1715- 

2215 

E50-10 

3 

•N 

27,0430- 

0530 

E05-W40 

3 

N 

18,2140- 

2145 

CM 

2 

N 


U15 

2+ 

N 

8,1745- 

2240 


* 



m ^ ^ 
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REVISED 


INTRA- STREAM STRUCTURE OF SOLAR WIND 1 

ERIC R. ASLAKSON 2 

James D. Sullivan (both at: Center for Space 
Research and Department of Physics, M.I.T. , 3 

Cambridge, MA 02139) 

David F. Webb, American Science & Engineering, 
Arlington, MA 02174) 

Changes of features in coronal holes observed 4 
from American Science & Engineering's (AS&E) 
x-ray telescope pictures were examined to find a 5 
possible cause of short time scale {<1 day) 
changes (±100 km/s) in the bulk speed of the 6 
solar wind observed by the M.I.T. solar wind ex- 
periment on IMP-7 and 8 within a stream. X-ray 7 
bright points, x-ray transients, and changes in 
area and boundaries within and around five cen- 8 
tral meridian passages of two coronal holes were 
examined. In all, five coronal hole crossings 
were studied. Levine's (1973) calculated field 
lines were used to give an estimate of the longi- 
tude and latitude on the sun of the field line 
connecting with the earth. For each crossing 
with sufficient x-ray coverage, there was a 
change in area of light regions, within the co- 
ronal holes, which occurred near the predicted 9 
magnetic field line connection point on the solar 
surface at the tines that correspond to large 
changes in the bulk speed observed at the earth. 

This work was supported in part by NASA con- 
tract NAS8-33137. 
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